Secreted Frizzled-related protein 1 (sFRP1), as one of most important Wnt antagonists, is frequently silenced by promoter hypermethylation in many types of tumor, including hepatocellular carcinoma (HCC). In this study, we aimed to investigate whether restoration of sFRP1 affected HCC metastatic behavior. sFRP1 mRNA expression and promoter methylation in HCC tissues and cell lines were examined using RT-PCR and methylation-specific PCR (MS-PCR), respectively. sFRP1 protein expression was assessed by Western Blot. We generated stable HCC cell line restoration of sFRP1 in HepG2 cells, which naturally do not express detectable sFRP1 mRNA. The effects of exogenous sFRP1 on HepG2 cell invasion were investigated using trans-well assay. Also the effects of sFRP1 re-expression on the β-catenin/T-cell factor-dependent transcription activity was measured by luciferase assay. sFRP1 promoter methylation was frequently observed in HCC tissues (60%) and cell lines (75%). All samples with sFRP1 methylation showed down-regulation of sFRP1 expression in HCC cell lines. Demethylation treatment with 5-aza-20-deoxycytidine in HCC cells restored sFRP1 expression. Restoration of sFRP1 substantially impaired the invasive potentials of HepG2 cells. Moreover, exogenous sFRP1 caused significant decrease of β-catenin/T-cell factor-dependent transcription activity.
Hepatocellular carcinoma (HCC) is one of the most lethal human malignancies worldwide [1] . Incidence rates of HCC shows a sharp increase in China and other Asian countries over the last two decades [2] [3] [4] . Although great improvements in understanding of HCC biology and significant advances in surgical technology and therapy regimens over the last two decades, the molecular mechanisms of hepatocarcinogenesis is still poorly understood [5, 6] . Therefore, clarification of molecular alterations is crucial to identify novel diagnostic and therapeutic targets, and will assist the development of novel therapeutic interventions for this deadly disease.
The Wingless-type (Wnt) signaling pathway is an ancient and highly conserved pathway which regulates diverse developmental processes (such as cell proliferation, invasion and adhesion) and plays important roles in multiple physiological and pathophysiological events [7, 8] Inactivation of Wnt signaling is regulated by couple of Wnt antagonists, including the Cerberus, Wnt inhibitory factor 1, secreted frizzledrelated protein (sFRP) and Dickkopf families, which directly bind to Wnts and subsequently inactivate both canonical and noncanonical signaling pathways [9] . It has been reported that loss of Wnt antagonists can cause aberrant activation of the Wnt pathway resulting in carcinogenesis through dysregulation of cellular proliferation and invasion. Aberrant activation of Wnt antagonists is also frequently observed in various human cancers with the genetic and epigenetic alterations [10] [11] [12] .
As one of most important Wnt antagonists, sFRPs were widely studied in various types of cancer [13] . The sFRPs class includes sFRP1 to sFRP5. sFRP1 is a 35 kDa secreted glycoprotein and localized to chromosome 8p12-p11.1, which is a high-frequent genetic alteration region in some tumors [14] [15] [16] [17] [18] [19] [20] . Moreover, epigenetic down-regulation of sFRPs expression has been showed in tumors of various organs, including stomach [15] , lung [16] , colon [17] and kidney [18] . Recently, the frequent inactivation of sFRP1 was also reported in HCC [19, 20] . However, the functional role of sFRP1 in HCC invasion during cancer metastasis is still unknown.
In the current study, we analyzed the promoter methylation profiles of sFRP1 in clinical HCC materials and cell lines. We also observed methylation-associated silencing of the sFRP1 gene frequently occurred by promoter hypermethylation in HCC cell lines. Restoration of sFRP1 in HCC cells leads to a significant reduction in cell invasion, suggesting a potential role of sFRP1 as a tumor suppressor.
Materials and Methods
Tissue specimens. Fresh samples of HCC tissues were obtained from those patients who underwent curative surgical resection for hepatocellular carcinoma at the First Affiliated Hospital of Zhengzhou University (Zhengzhou, China). None of the patients has received any preoperative treatment. All procedures were explained verbally and in a written consent form. The primary tumor specimens were frozen in liquid nitrogen immediately. Both tumor and adjacent non-tumor tissues were sampled, with approximate 1cm 3 size of each specimen, and were confirmed by pathological examination.
Cell lines and cell culture. Four HCC cell lines (HepG2, SNU398, SK-Hep1 and Hep3B) were obtained from the Cell Bank of Type Culture Collection of Chinese Academy of Sciences (Shanghai, China). All of these cell lines were grown in RPMI1640 (Gibco, Grand Island, NY, USA) supplemented with 10 % fetal bovine serum (Hyclone, Lorgan, UT, USA) and antibiotics (100 U/ml penicillin and 100 mg/ml streptomycin) at 37 ºC in a humidified 5% CO 2 incubator.
Extraction of genomic DNA and total RNA. Genomic DNA was extracted from the HCC tissues and cells using the DNeasy Tissue Kit (Qiagen, Valencia, CA, USA) according to the manufacturer's recommendation. Total RNA was prepared using Trizol reagent (Life Technologies, Inc., Gaithersburg, MD, USA) according to the manufacturer's instruction. Total RNA concentration and quantity were assessed by absorbency at 260 nm using a DNA/Protein Analyzer (DU 530, Beckman Instruments, Inc., Fullerton, CA, USA).
RT-PCR. Four micrograms of total RNA were used to synthesize the first strand of cDNA using cDNA Synthesis Kit (Fermentas, Burlington, ON, Canada). GAPDH was used to ascertain the equal amount of cDNA in each reaction. sFRP1 primers used in this study are as follows: sFRP1: 5'-TCCCTGTGACAACGAG-3' (forward) and 5'-GTCCT-TCTTCTTGATGGGC-3' (reverse). A total of 30 cycles were performed with each cycle consisting of 30 s at 94 °C, 35 s at 64 °C, and 40 s at 71 °C with an initial denaturation of 5 min at 95 °C and a final extension of 7 min at 72°C. The reaction products were separated on 2 % agarose gel and analyzed by an imaging system. Methylation specific PCR. Bisulfite treatment of genomic DNA was performed as described [21] . The final volume of bisulfite treated DNA for each sample was 20 µl, and all bisulfite treated DNA was stored at -20ºC. Methylation was analyzed by using methylation-specific polymerase chain reaction (MSP). MSP primers were designed according to genomic sequences skirting the presumed transcription start sites. MSP primers for unmethylated sFRP1 were 5'-GAGTTAGTGTTGTGT-GTTTGTTGTTTTGT-3'(forword).
TTTTGT-3' (forward) and 5'-CCCAACATTACCCAACTC-CACAACCA-3' (reverse); MSP primers for methylated sFRP1 were 5'-GTGTCGCGCGTTCGTCGTTTCGC-3' (forward) and 5'-AACGTTACCCGACTC CGCGACCG-3'(reverse). Each MSP reaction was run in a volume of 25 µl. containing approximately 100 ng of bisulfite-treated DNA, 25 pmoles of each primer, 100 pmoles of dNTPs, 10X PCR buffer, and 1 unit of JumpStart Red Taq Polymerase (Sigma Aldrich, St. Louis, MO, USA). Cycle conditions were performed as follows: 95 ºC x 5 min; 35 cycles x (95 ºC x 30sec, 60 ºC x 30sec, 72 ºC x 30sec); 72 ºC x 5 min. MSP products were analyzed using 2 % agarose gel and analyzed by an imaging system.
Treatments with 5-aza-20-deoxycytidine. Four hepatocellular carcinoma cell lines (HepG2, SNU398, Hep3B and SK-Hep1) were treated with 5-aza-20-deoxycytidine (5Aza-dC, Sigma Aldrich) based on their hypermethylation profiles. Cells were exposed continuously to 5Aza-dC (5 µM) for 5 days based on our previous observations that treatment of these cell lines with 5Aza-dC (5 µM) for 5 days results in the re-expression of genes silenced by aberrant promoter methylation without evidence of excessive cell death.
Cell culture and transfection. All HCC cell lines were grown at 37°C in RPMI1640 supplemented with 10% fetal bovine serum, in a 5% CO 2 humidified chamber. To establish the stable HepG2 cell line with exogenous sFRP1, the recombinant plasmids pcDNA3.1 containing full-length ORF of sFRP1 and empty vectors as control were transfected into HepG2 cells using FuGENE 6 (Roche Applied Science, Indianapolis, IN, USA) according to the manufacturer's protocol. Then G418 (Life Technologies, Inc., Paisley, UK) was added to the medium at a final concentration of 800 μg/ml. After 3-4 weeks, the remaining colonies were individually picked and expanded. The expression of exogenous sFRP1 was detected by western blotting. All experiments were independently repeated at least three times.
Invasion assay. The Matrigel coated Boyden chamber (BD Biosciences, San Jose, CA, USA) was used to evaluate the cell invasion of HepG2 cells. Cells stably transfected with pcDNA3.1-sFRP1 or empty vector were applied onto the upper compartment of invasion chamber coated with Matrigel (30mg/filter). The lower compartment was filled with complete medium. The chamber was incubated at 37°C for 12 h and the filters were removed. Cells invaded on the bottom of inserts were fixed, stained, and counted under a microscope. The value of invasion activity was expressed as the average number of invaded cells per microscopic field over the 5 fields in each assay from four independent experiments. Transient transfection and luciferase assay. Luciferase assays to determine transcriptional activity were performed as previously reported [22] . pGL3-OT (TCF/LEF-responsive reporter), pGL3-OF (negative control with mutated TCF/LEF binding site) and the pRL-TK internal control vector were purchased from Promega (Madison, WI). Briefly, HepG2 cells stably transfected with pcDNA3.1-sFRP1 or empty vector were plated in 24-well culture plates (5×10 4 cells/well). Cells were transiently cotransfected with pGL3-OT, pGL3-OF, pRL-TK control vector. After 48h transfection, luciferase activities were measured using a Dual-Luciferase Reporter Assay system (Promega). Firefly luciferase values were standardized to renilla values. For each experiment, the luciferase assay was performed three times.
Statistical analysis. Statistical analysis was performed with SPSS10.0 software. Data were expressed as means ± SEM. Student's t-test was used for statistical comparison. A value of p < 0.05 was considered to be statistically significant.
Results
Methylation analysis of sFRP1 in HCC tissues and cell lines. MSP was used to examine the methylation status of sFRP1 in hepatocellular carcinoma tissues and cell lines. Representative examples of the MSP analysis were shown in Figure 1A , expectedly, hypermethylation was found in 32 (60%) of 53 HCC tumor tissues, but not in normal liver tissue. 21 (65.6%) of them showed both methylated and unmethylated DNA PCR products. Statistically, there was no significant relationship between hypermethylation and clinicopathological parameters, including tumor size, hepatitis virus type, and pathological grade (Table 1) . We further analysed methylation profile of sFRP1 in a panel of hepatocellular carcinoma cell lines (HepG2, SNU398, SK-Hep1 and Hep3B). MSP analysis showed that both methylated and unmethylated DNA PCR products were observed in SNU398, Hep3B and HepG2 cells. However, no methylation PCR products were detected for sFRP1 in SK-Hep1 cells ( Figure 1B) . Restored or increased sFRP1 expression in HepG2, SNU398 and Hep3B cells after 5-Aza-dC treatment. To assess the possible correlation between sFRP1 expression and its promoter hypermethylation, the demethylation chemical, 5-Aza-dC was used in these four cell lines, and measured the expression of sFRP1 by RT-PCR. As shown in Figure 2 , sFRP1 expression were increased or restored after treatment with 5-Aza-dC. These results strongly implicated that hypermethylation of this gene promoter was closely related to the absent or decreased this gene expression.
Exogenous sFRP1 suppresses HCC cell invasion. To assess whether sFRP1 silencing could contribute to HCC invasiveness and metastatic behavior, plasmid pcDNA3.1 with full ORF of sFRP1 (pcDNA3.1 sFRP1) was transfected into HepG2 cells, in which endogenous expression is silenced by DNA hypermethylation, where the empty vector pcDNA3.1 was used as control. Cells invasion was determined through Matrigel coated polycarbonate filter in the Boyden chamber system. As shown in Figure 3A and 3B, exogenous sFRP1 markedly inhibited (p < 0.05) the invasion of HepG2 cells as compared to the empty vector and HepG2 cell control, respectively. The protein levels of sFRP1 greatly increases (p < 0.05) in sFRP1 transfectants by Western blots ( Figure 3C ). These results reveal that sFRP1 could play an important roles in regulating the invasion of HCC-derived cells. (Figure 4 ), confirming that exogenous sFRP1 expression reduces canonical pathway activity in HepG2 cells. These results also revealed that sFRP1 as a Wnt pathway antagonist could negatively regulate the HCC cell invasion through inactivation of Wnt-β-catenin pathway.
SK-

Discussion
Epigenetic silencing due to aberrant methylation of CpG islands has been ascertained as one of the major genetic alterations in cancer development and progression, including HCC [23] . Clinically, the identification of genes with abnormal methylation and consequently become silenced is of critical importance since this provides us a source of new valuable cancer markers and potential therapeutic targets [24] .
Aberrant methylation of the sFRP1 promoter is widely studied in various types of human cancer. sFRP1 suppression has been observed in gastric cancer [15] , colon tumor [17] , kidney tumor [18] and HCC [19] . Consistent with previous reports, our present result indicated that similar incidence of promoter hypermethylation of sFRP1 was documented in HCC tissue and cell lines. It is noteworthy that 60% sFRP1 promoter methylation in HCC tissues were detected in the current study, which is a little higher than that in previous reports (~48%) [25, 26] , this discrepancy might be due to the different CpG sites and the sensitivity of MSP methods. Statistically, there was no relationship between hypermethylation and clinicopathologic parameters, including tumor size, hepatitis virus type, and pathological grade. Furthermore, 5-Aza-dC, a widely used demethylating drug, was able to restore or increase sFRP1 expression in HepG2, SNU398 and Hep3B cells. These results suggested significant correlation between promoter hypermethylation and gene transcription in these HCC cell lines.
Increasing evidences have indicated that sFRP1 could control the growth of different types of cancer cells including cervical [27] , lung [28] , and oral squamous cell carcinoma cells [29] in culture. This inhibitory effect was also demonstrated in HCC cell lines in vitro [30] . However, whether the silencing of sFRP1 could contribute to HCC cell invasion and metastasis remains unknown. In the current study, our data indicated that sFRP1 performed a negative regulator in the cell invasion of HCC cells. The restoration of sFRP1 can significantly inhibit the cell invasion of HepG2 cells, suggesting the significant epigenetic silencing of sFRP1 could contribute to oncogenesis of HCC through promoting cell invasion. On the other hand, our data also revealed that sFRP1 as a tumor suppressor gene could be implicated for cancer therapy.
Various studies demonstrated the role of constitutively active Wnt/β-catenin signaling in tumor progression [31, 32] . sFRP1 functionally acts as Wnt signaling inhibitors, when it is silenced by promoter hypermethylation, which leads to nuclear accumulation of β-catenin and forms a complex with members of the T-cell factor/ lymphocyte enhanced factor, subsequently up-regulates of downstream target genes, which are involved in cell growth and cell invasion [33, 34] . In the present study, we assessed whether restoration of sFRP1 is associated with the inactivation of the β-catenin signaling pathway. Our data indicated that exogenous sFRP1 caused significant decrease of β-catenin/T-cell factor-dependent transcription activity, suggesting the potential role of Wnt/β-catenin signaling in tumor progression, especially for tumor metastasis.
In conclusion, we have clearly shown the methylation status of sFRP1 genes in HCC tissues and cell lines, the downregulation of sFRP1 as a candidate of tumor suppressor gene, triggered by the epigenetic events and could contribute to the oncogenesis of HCC. Restoration of sFRP1 in HCC cells leads to a significant reduction in cell invasion. This would be an opportunity to prevent the development and progression of HCC through regulation of sFRP1. 
